Objective: To investigate the molecular biological mechanism of the antiepileptic effect of Xingnaojing (XNJ) injection on a rat kindling model of epilepsy (KME). Methods: Fifty healthy 6-week-old male Sprague-Dawley rats were divided into the following five groups: blank control (BC) group, model (M) group, XNJ injection (XI) group, phenobarbital injection (PI) group and XNJ combined with phenobarbital (XP) group. There were 10 rats in each group. The intervention drugs were administered 30 min before the model-building drugs once a day for 5 weeks. The model-building drug pentetrazol was given to each group as an intraperitoneal injection 30 min after the use of the intervention drug once a day for 4 weeks for KME establishment (except for the BC group). The BC group was given physiological saline instead. All drugs were injected intraperitoneally. The behaviors of each group of rats were observed after the use of the model-building drugs for 1 h every day. The last kindling test was carried out at the end of week 5. Then, c-fos and c-jun protein expressions in the rat brains of each group were observed and analyzed by immunohistochemistry at the end of the experiment. Results: There was a large number of cells positive for the c-fos and c-jun proteins in the rat brains of the M group. Compared with the M group, the expression level of the c-fos and cjun proteins was lower in the rat brains of the XI and PI groups (p < 0.01). There was no statistical difference between the XI and PI groups (p > 0.05). The number of positive cells in the rat brains of the XP group was even smaller than that of the XI or PI groups. Conclusion: The antiepileptic effect of the XNJ injection on the rat KME is probably related to its interruption function on the expression of the c-fos and c-jun proteins in rat brains.
Introduction

Materials and Methods
Animals
Drugs and Reagents
The following drugs and reagents were used: XNJ injection ( 
Equipment
The following equipment was used: microtome (version RM2235, Germany), optical microscope (OLYMPUS, version BX51TF, Japan), and HMIAS-2000 high-definition color medical image analysis system (Wuhan Qianping Imaging Technology Co. Ltd.).
Groups
Fifty healthy male Sprague-Dawley rats were randomly divided into the following five groups: blank control (BC) group, model (M) group, XNJ injection (XI) group, phenobarbital injection (PI) group and XNJ combined with phenobarbital (XP) group. There were 10 rats in each group.
Drug Intervention and Model Establishment
Drug Intervention. The intervention drugs were administered 30 min before the model-building drugs once a day. The BC and M groups were given physiological saline (15 ml · kg -1 · day -1 ). The XI group received XNJ injections (15 ml · kg -1 · day -1 ). The PI group was given phenobarbital injections (30 mg · kg -1 · day -1 ). The XP group was administered both XNJ and phenobarbital injections according to the doses of the XI and PI groups. All drugs were injected intraperitoneally. The intervention drugs were given for 5 weeks.
Model Establishment. PTZ was given to each group (35 mg · kg -1 · day -1 , 1%) through intraperitoneal injection 30 min after the use of the intervention drug once a day for the rat kindling model of epilepsy (KME)
Epilepsy is the second most common neurological disease in the world. There are about 50 million patients with epilepsy and about half of them live in Asia [1] . Western antiepileptic drugs can control most epilepsy. However, there are still about 20% of epilepsy cases that cannot be well controlled. In recent years, side effects of Western antiepileptic drugs, such as liver damage and cognitive impairment, have drawn our attention. It is necessary to find new antiepileptic drugs with higher curative benefits and less side effects. Traditional Chinese medicine can improve various symptoms, particularly in neurological diseases. Our previous study [2] has shown that Xingnaojing (XNJ) injection can inhibit the formation of epileptogenic focus and epileptic seizure. However, the mechanism is unknown. In the last 10 years, attention has been paid to the relationship between abnormal gene expression and epilepsy. Several studies [3] [4] [5] showed that there is a close relationship between immediate early genes (IEGs, c-fos and c-jun, etc.) and seizures. Seizures can cause increased expression of c-fos and c-jun. Thus, long-time expression of c-fos and c-jun might lead to the formation of an epileptogenic focus and epileptic seizure. In this study, we observed the effect of XNJ injection on the expression of c-fos and c-jun proteins in the brain of rats with epilepsy induced by pentetrazol (PTZ) and explore the possible antiepileptic mechanism of XNJ injection. 
c-fos and c-jun Protein Determination
The rats were sacrificed and brain tissue was collected after the last kindling test and EEG data acquisition. The specific method was as follows: first, the rats were anesthetized by napental (40 mg/kg). Then, 200 ml physiological saline was rapidly infused into the rats through the abdominal aorta until supernatant liquid flowed out. Afterwards, about 300 ml paraformaldehyde (4%) was slowly infused into the rats until they became stiff. Then, the heads of the rats were sheared and the brains were taken out. The brains were put into sucrose (200 g/l) at 4 ° C for one night. The following day, the brains were cut into coronal slices. The thickness of the slices was 2 mm. The slices included the cerebral cortex and the hippocampus. The specimens were evaporated in graded alcohol and then embedded in paraffin. Finally, the paraffin blocks with the specimens were consecutively cut into coronal slices. The thickness of the slices was 4 μm. Then, the cells positive for c-fos and c-jun were measured using the streptavidin-peroxidase two-step method. The negative nucleuses are blue or light blue and the positive nucleuses are yellow or brown. The positive nucleuses were counted with HMIAS-2000 the high-definition color medical image analysis system. Five equal areas were randomly selected from the corresponding parts of each section of the cerebral cortex and hippocampus to count the number of positive cells. In addition, the mean number of positive cells from the five areas was recognized as the number of positive cells of the rat. establishment (except for the BC group). The BC group was given physiological saline (3.5 ml · kg -1 · day -1 ) instead. Then, the behavior of each rat was observed and recorded for 1 h every day according to the Smialowski-6-rank method. The model-building drugs were used for 4 weeks and then stopped for 1 week. The last kindling test was carried out at the end of week 5. The animals that displayed level 2 and above seizures for 5 times in a row were recognized as the succeed models [6] .
Results
Animals
There were 50 rats in the experiment, and 49 rats were included in the result analysis except for 1 rat of the M group which died because of epilepsia gravior. The number of c-fos-positive cells in the rat brains of the M group was higher than that in the BC group (p < 0.01), and the number of cells positive for the c-fos protein in the rat brains of the XI, PI and XP groups was lower than that in the M group (p < 0.01). There was no statistical difference between the XI and PI groups (p > 0.05). However, the number of c-fos-protein positve cells in the rat brains of the XP group was lower than that in the XI and PI groups (p < 0.01; table 1 ; fig. 1 ). The number of cells positive for the c-jun protein in the rat brains of the M group was higher than in the BC group (p < 0.01), and the number of cells positive for the c-jun protein in the rat brains of the XI, PI and XP groups was lower than that in the M group (p < 0.01). There was no statistical difference between the XI and PI groups (p > 0.05). However, the number of cells positive for the c-jun protein in the rat brains of the XP group was lower than that in the XI and PI groups (p < 0.01; table 2 ; fig. 1 ).
c-fos Protein Expressions
Behaviors
Five days after the PTZ injection, the first epileptic attack occurred in the M group, and it worsened with more injections. In the M group, rank 6 epileptic attacks were observed 4 weeks later. The times and rank of seizures of the XI and PI groups reduced obviously. The highest level of epileptic attacks was rank 4 which was recorded in the XI and PI groups. The times and rank of seizures of the XP group reduced even more. The highest seizure level of the XP group was rank 3 only.
Correlation between Seizure Rank and the Expression of c-fos and c-jun Proteins
We performed a Spearman correlation analysis of the expression of c-fos and c-jun proteins in the cerebral cortex and hippocampus and recorded seizure ranks at the end of the experiment. The correlation equation and coefficient of rank correlation were as follows: y 1 = 20.18x 1 + 17.505, r s1 = 0.918 ( fig. 2 a) ; y 2 = 20.107x 2 + 15.175, r s2 = 0.903 ( fig. 2 b) ; y 3 = 19.554x 3 + 13.503, r s3 = 0.911 ( fig. 2 c) ; y 4 = 19.541x 4 + 13.389, r s4 = 0.912 ( fig. 2 d) . Therefore, we could confirm that there is a strong and direct correlation between the rank of epileptic attacks and the expression of c-fos and c-jun proteins ( fig. 2 ) .
Discussion
The animal model is an important approach to the study of a drug effect and its mechanism. The epilepsy model includes the acute convulsion model and the chronic kindling model. The acute convulsion model easily leads to death, and there are some differences between acute convulsion and epilepsy. PTZ is a type of central stimulant with little adverse effect. One study [7] showed that long-term repeated subthreshold doses of stimulus can lead to a prolonged epileptic seizure. Eventually, epileptic seizures turn to epilepsy. This process is called chronic kindling. Once the kindling model is established, its excitability can persist lifelong and attack under certain conditions. It has a high similarity with human epilepsy. At present, the kindling model is considered to be an ideal model of epilepsy. Therefore, this experiment used the rat KME chronically induced by PTZ as experimental object.
One study [8] showed that c-fos and c-jun widely exist in the central nervous system. Under normal circumstances, the level of expression of c-fos and c-jun proteins in the central nervous system is low. However, when the body is stimulated by trauma and chemical use, the expression of c-fos and c-jun proteins will obviously change [9, 10] . The expression of c-fos and c-jun proteins will show great changes when the body is stimulated by epileptogenic stimulation. When the nervous system is stimulated by some signal, the first-class neuron induces the secretion of neurotransmitters. Neurotransmitters as the first messengers will act on the target cell membrane. Signals are carried into the cell through the cell membrane and activate the second messenger such as Ca
2+
. The second messenger will be combined with the specific base pair of IEG through different ways, and then it will activate the transcription of IEG. The mRNA produced by the transcription of IEG enters into the cytolymph and produces phosphoproteins such as c-fos and c-jun. The phosphoproteins reenter the nuclear phosphoproteins and become the activated protein-1 of the homodimer or heterodimer through the leucine zipper. As the third messenger, the activated protein-1 will be combined with the binding site of the late-response gene to regulate the long-time expression of the target gene, which can encode various cellular proteins such as neurotransmitters, neurotrophic factor, neural regulation factors, receptors and synaptic structure protein. Then, the inherent component of neuron and the excitability of neuronal network will change, which will lead to the formation of epileptogenic focus and epileptic seizure. This means that seizures can cause a high expression of c-fos and c-jun, and large and long-time expression of c-fos and c-jun will lead to the formation of epileptogenic focus and epileptic seizures. Thus, the inhibition of seizures can reduce or block the expression of c-fos and c-jun, and decreased c-fos and c-jun expression can prevent the onset of the formation of the epileptogenic focus and epileptic seizure.
The XNJ injection is an improved traditional Chinese medicine preparation of the angong niuhuang pill. It is a traditional Chinese medicine injection which is extracted from musk, gardenia, turmeric, borneol and other precious Chinese herbal medicines. It has the effect of brain-activating, activating blood and resolving stasis, heat-clearing and detoxicating, etc. It is widely used in stroke, drunkenness, coma, convulsion, etc. Basal studies [11] showed that XNJ injection (10-20 ml · kg -1 · day -1) has a strong inhibitory effect on the central nervous system, and it can reduce the number of free activities of mice and antagonize mice convulsion induced by strychnine and inhibit electric convulsion of mice. Our previous study found that XNJ injection can delay the appearance of an epileptic attack, reduce the rank of the epileptic attack, prolong its incubation period, shorten its duration and depress the seizure wave amplitude and frequency. It displays a good inhibiting effect in the formation of KME induced by PTZ. The combination of XNJ injection and phenobarbital injection displays an even stronger inhibiting effect in the formation of the KME induced by PTZ. Moreover, we found that there was a strong direct correlation between the rank of epileptic attacks and the expression of c-fos and c-jun proteins.
